Abstract: Diabetes mellitus is one of the most frequent endocrine disorders, affecting populations worldwide. Diabetic retinopathy (DR) is the most frequent microvascular complication of diabetes in patients aged 20 and over. Major complications of DR include intraocular neovascularization, inter-retinal edema, hemorrhage, exudates and microaneurysms. Therefore, timely medical attention and prevention are required. At present, laser-assisted therapy and other operational procedures are the most common treatment for DR. However, these treatments can cause retinal damage and scarring. Also, use of the majority of traditional medicines is not supported by clinical evidence. However, due to accumulating scientific evidence, traditional natural medications may assist in delaying or preventing the progression of DR. This review focuses on evidence for the role of traditional natural medicines and their mechanisms of action and pharmacological test results in relation to the progression of DR.
Introduction
Diabetes is now a global concern, with recent surveys forecasting that by 2030, the number of patients with diabetes will increase to 500 million [1] . Morbidity and premature deaths are caused by macrovascular (cardiovascular, cerebrovascular, and peripheral vascular disease) and microvascular (neuropathy, nephropathy, and retinopathy) diabetic complications. Diabetic retinopathy (DR) is one of the leading reasons for visual impairment and blindness in the working-age population [2] . DR can be defined as a pathology of the capillaries, arterioles and venules in the retina and the subsequent effects of leakage from, or occlusion of, the small vessels [3] . Retina is a specialized tissue responsible for vision, which processes visible light into the neuronal signals that can be perceived by the brain. The distinctive vascular system of retina facilitates oxygen and nutrients to the outer and inner retina, whose integrity is crucial for sensing light [4] . Thus, the vascular retinal structure obtains blood-retinal barrier (BRB) characteristics, which are essential for the integrity of vascular retinal structure and the maintenance of the retinal microenvironment. Malfunctioning of vascular cells in inner BRB during DR causes breakdown of the BRB, which leads to vascular leakage and subsequent macular edema, ultimately causing serious impairment of vision [4] .
According to the World Health Organization, DR accounts for 4.8% of the 37 million cases of blindness worldwide [5] . Epidemiological clinical studies have reported risk factors for DR progression [6, 7] . High blood pressure, hyperglycemia, and duration of diabetes are the major risk factors for DR. In the initial 3-5 years, retinopathy is rare in type I diabetic patients. However over the age 20 years, 90%-95% of patients exhibit some degree of retinopathy [8, 9] . In contrast, almost 60%-70% of type II diabetic patients have some retinopathy after 20 years [10] . Other factors associated with DR include gender, ethnicity, age at onset of diabetes, cataract extraction, puberty, and pregnancy [2] . Genetics may also be implicated in DR, since some patients with a long duration of diabetes fail to develop DR while, despite tight blood glucose control, some patients still rapidly develop DR [11, 12] . The majority of diabetic patients do not experience any precautionary symptoms during the early stage of DR. The anatomical alterations that take place during DR have been well distinguished and include formation of acellular capillaries, the loss of pericyte and endothelial cells, formation of microaneurysms and retinal neovascularization and early thickening of the basement membrane [13] . Additionally, hard exudates, cotton wool spots, venous abnormalities, formation of microaneurysms, dot and blot retinal hemorrhages, and the growth of new blood vessels are some of the clinical signs of retinopathy [14] . Nonetheless, symptoms that may imply urgent discussion with an eye care professional include the presence of floaters and flashes and blurred or sudden loss of vision. Timely identification of DR can avoid severe loss of vision and blindness. Clinical identification of DR includes examination of fundus, retinal photography and visual acuity test. Diabetes involves a series of pathological factors such as hormones, hyperglycemia, hypertension, inflammation and growth factors that insinuate harmful biochemical pathways such as oxidative stress, apoptosis and inflammation accountable for the development of the disease. The pathways and their mediators ultimately damage both neuronal and vascular cells in the retina, leading to neurovascular damage in DR [15] . Non-proliferative DR (NPDR) and proliferative DR are the two main stages of DR. Diabetic macular edema (DMO), caused by leakage and build-up of fluid and proteins within two disc diameters of the macular region, in combination with proliferative DR is a major cause of severe visual impairment in patients with diabetes [16] . Further, there are three types of DMO-edematous, ischemic and exudative [2] . Strict control over blood pressure, blood glucose, and probably lipids are vital management strategies to decrease the onset and progression of DR [2] . Treatment for DR involves use of ACE inhibitors [17] and surgical procedures such as laser photocoagulation and possibly vitrectomy [18, 19] .
Status of Traditional Herbal Medicine in Diabetic Retinopathy
In modern times, there has been mounting interest in unconventional therapies and the therapeutic use of traditional herbal medicines [20] . More than 400 traditional medicinal plants and more than 800 active herbal compounds are documented to have therapeutic potential for diabetes [21] [22] [23] . For centuries, herbal and traditional medicine (TM) has been used worldwide for treating diabetes and its complications. Additionally, TM has potential as an alternative therapy to delay or prevent the progression of DR [24] . Based on these reports, research has been undertaken to explore the mechanism of action of TM and its active compounds and also how to transform these active principles into new treatments for improved management of diabetes and its complications including DR [25] . The broadness of "TM" and the extensive range of practices it includes make it difficult to describe, especially in a global context. TM is a significant and often underrated part of health services. In several countries, TM is often referred to as complementary medicine. TM has been used from ancient times for the prevention and treatment of chronic disease and also in health maintenance [26] . Use of TM is steadily increasing in countries where its use was not recognized [26] . Knowledge of TM may be passed on verbally from generation to generation, in some context with families concentrating on specific treatments, or it might be taught officially in renowned universities. Occasionally practice of TM is limited to some specific geographical areas; however, it may also be observed in diverse regions of the world. However, in the majority of cases, a medical system is only termed "traditional" when it is exercised inside the country of origin.
Various countries have their own native or traditional forms of curing which are decisively rooted in their history and culture. Some forms of TM such as Ayurveda, Unani and Traditional Chinese Medicine are popular nationally and also well recognized and practiced worldwide [26] . Several factors led to the dissemination and rising demand of TM throughout the world, mainly in the past 20 years. TM is more accessible conventional medicine in a few areas. Nonetheless, the most frequent reasons for using TM are that it is more reasonably priced; more closely related to the patient's ideas, and is less paternalistic than allopathic medicine. Irrespective of the reasons why an individual uses it, TM provides a crucial health care service to people both with and without financial means or geographic access to allopathic medicine [27] . Considering the history and applicability of TM, it should be subjected to a rigorous drug discovery process to yield a reliable drug candidates. At present, drug discovery is no longer a process limited to the accessibility of new technology [28] . During the past decade a considerable number of accepted new drug applications have been derived from the biotechnology industry and analysts anticipate a similar trend in future [29] . Correspondingly, natural products have contributed almost half of all small molecules drugs developed in this decade. It would be highly desirable and helpful for drug discovery, if the drug discovery process were shifted to combinations of existing agents. Therefore, drug discovery of natural products based on TM and ethnopharmacology might also be useful strategic options [30] . One of the validated approaches to drug discovery and development of TM are bioactivity-guided isolation and structural elucidation, by which we can discover a new molecule for a precise disease target. Numerous Western drugs, such as paclitaxel, were discovered in this way, whereas others drugs, such as metformin, were developed by further structural modification. Another approach is to combine different herbs or ingredients with proper quality control and fine tune the dose regimen and reproducibility to obtain a desired outcome for a particular disease in the general patient population [31] . Herein, we discuss the scientific evidence supporting the role of traditional natural medicines ( Figure 1 ) and their mechanisms of action, and the results of pharmacological testing in relation to the progression of DR. means or geographic access to allopathic medicine [27] . Considering the history and applicability of TM, it should be subjected to a rigorous drug discovery process to yield a reliable drug candidates. At present, drug discovery is no longer a process limited to the accessibility of new technology [28] . During the past decade a considerable number of accepted new drug applications have been derived from the biotechnology industry and analysts anticipate a similar trend in future [29] . Correspondingly, natural products have contributed almost half of all small molecules drugs developed in this decade. It would be highly desirable and helpful for drug discovery, if the drug discovery process were shifted to combinations of existing agents. Therefore, drug discovery of natural products based on TM and ethnopharmacology might also be useful strategic options [30] . One of the validated approaches to drug discovery and development of TM are bioactivity-guided isolation and structural elucidation, by which we can discover a new molecule for a precise disease target. Numerous Western drugs, such as paclitaxel, were discovered in this way, whereas others drugs, such as metformin, were developed by further structural modification. Another approach is to combine different herbs or ingredients with proper quality control and fine tune the dose regimen and reproducibility to obtain a desired outcome for a particular disease in the general patient population [31] . Herein, we discuss the scientific evidence supporting the role of traditional natural medicines ( Figure 1 ) and their mechanisms of action, and the results of pharmacological testing in relation to the progression of DR. 
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Litsea japonica
Litsea japonica (L. japonica) is an important native Korean plant species [39] . This herb has been consumed as a vegetable food in Korea; however, its pharmacological activities are unclear. The chemical constituents of this plant comprise numerous lactones, alkaloids, essential oils, fatty acids, and terpenoids [39, 40] . Treatment with an extract of L. japonica inhibited diabetes-induced breakdown of BRB and lowered expression of retinal vascular endothelial growth factor (VEGF) in db/db mice. Extract of L. japonica also suppressed the degradation of occludin, which is an important tight junctional protein in BRB. These results suggest the potential therapeutic usefulness of L. japonica for retinal vascular permeability diseases [41] . Later, Kim and colleagues explored the ameliorative effect of an ethanolic extract of L. japonica on diabetes-induced neuronal apoptosis of the retina in db/db mice. Treatment with an ethanolic extract of L. japonica (100 or 250 mg/kg body weight) once per day orally for 12 weeks in db/db mice resulted in a trivial decrease in blood glucose levels without any significant effect on those of HbA1c. Immunoreactivity against advanced glycation end product (AGE) was evident only in the large and small retinal vessels of the normal mice, while AGE-positive signals were situated in the inner neural retina and retinal vessels in the vehicle-treated db/db mice. This suggests that retinal tissues exhibit significant accumulation of serum AGEs. However, treatment with ethanolic extract of L. japonica reduced the amount of AGE deposited in these regions. The suppressive effect of ethanolic extract of L. japonica on the expression of RAGE was also examined. The immunoreactivity against RAGE was higher in vehicle-treated db/db mice compared with normal mice. However, treatment with ethanolic extract of L. japonica lowered RAGE in the neural retinas of the db/db mice. Treatment with an ethanolic extract of L. japonica also significantly decreased the number of TUNEL-positive cells in the ganglion cell layer and the inner nuclear layer. In addition, the ethanolic extract of L. japonica inhibited the stimulation of nuclear factor-kappa B (NF-κB). These results suggested that the ethanolic extract of L. japonica may be advantageous for the treatment of diabetes-induced retinal neurodegeneration; moreover, its neuroprotective effect might be attributable in part its effect on AGEs [32].
Ginkgo biloba
Ginkgo biloba is a well-known Chinese TM used normally for respiratory disorders, and to enhance memory loss-related abnormalities of blood circulation in Iran [42] . Quercetin is also the chief bioactive ingredient of Ginkgo biloba and St. John's Wort [34] . Quercetin (3,5,7-trihydroxy-2-(3,4-dihydroxyphenyl)-4H-chromen-4-one) is one of the most powerful, commonly studied dietary flavonoid, which is frequently encountered in seeds, barks, flowers, tea, brassica vegetables, onion, apple, berries, many nuts, and leaves [43] . Quercetin is documented to have many biological functions including anti-diabetic, anti-carcinogenic, cataract prevention, anti-inflammatory, anti-ulcer effects, anti-allergic activity, and anti-viral activities [44] . Furthermore, it blocks aggregation of platelets, capillary permeability and lipid peroxidation too. Due to its efficacious anti-oxidant profile, it inhibits xanthine oxidase, directly scavenges free radicals, changes antioxidant defence and suppresses lipid peroxidation [45] . Prevention of cataract, inhibition of choroidal and retinal angiogenesis [46] and prevention of oxidative damage in retinal pigment epithelium cell cells [47] are a few of the bioactivities of quercetin. Studies performed on green tea and Moringa oleifera (both of which contain quercetin) established the background that quercetin might play a protective role in DR [48, 49] . Treatment with quercetin (25 and 50 mg/kg body weight) reversed the reduced retinal GSH levels in streptozotocin (STZ)-induced diabetic rats. Treatment with quercetin considerably lowered the levels of cytokines in the diabetic retina of STZ-intoxicated rats. Light microscopy indicated a significant increase in ganglion cell death and reduced retinal thickness in the diabetic compared to the normal retina. Conversely, treatment with quercetin abolished this effect. Quercetin demonstrated attenuated the expression NF-κB and caspase-3. Further, administration of quercetin ameliorated diabetes-induced increases in glial fibrillary acidic protein and aquaporin 4 expression and thereby reduced the upregulated glial fibrillary acidic protein P expression and edema in their endfeet and around the perivascular space in the nerve fiber layer of the diabetic retina [34] . Therefore, quercetin might be effective against DR, which affects both vascular and neural components of the diabetic retina.
Pueraria lobata
Puerarin is a well-known isoflavone glycoside obtained from the root of Pueraria lobata that has been used in Korean TM to treat a variety of diseases [50] . Puerarin is also a major active principle extracted from the traditional Chinese medicine known as Ge-gen [51] . Due to its protective effects on pancreatic islets and stimulation of insulin sensitivity, puerarin has been extensively investigated as an antihyperglycemic agent [52, 53] . Furthermore, puerarin successfully restrains AGE formation [54] and is generally accepted to play a benevolent role in DR, but its mechanism remains poorly understood. Lately, studies performed by Kim found puerarin (10 µM) to suppress apoptosis in pericytes induced by AGE-bovine serum albumin. Puerarin (10 µM) clearly blocks the generation of ROS induced by AGE-bovine serum albumin. Puerarin markedly inhibits generation of reactive oxygen species (ROS) via the inhibition of nicotinamide adenine dinucleotide phosphate oxidase. Further mechanistic studies found that puerarin blocks AGE-bovine serum albumin-induced phosphorylation of Rac1 and p47phox and thereby attenuates ROS production via nicotinamide adenine dinucleotide phosphate [55] . Administration of puerarin significantly decreases the activation of NF-κB. Besides, puerarin also attenuates the in vivo apoptosis of retinal pericytes induced by intravitreal injection of AGE-rat serum albumin. These data suggest that puerarin might exert its beneficial effects on AGE-induced pericyte apoptosis by modulating the nicotinamide adenine dinucleotide phosphate oxidase-related ROS pathways and by inhibiting NF-κB activation to avoid dysfunction in the retinal microvasculature [55] . A protective effect of puerarin was also seen in retinal pigment epithelial cells. In this report by Wang and colleagues, puerarin was found to reduce the apoptosis of retinal pigment epithelial cells in STZ-induced diabetic SD rats by suppressing the peroxynitrite level and expression of inducible nitric oxide synthase [56] . A similar beneficial effect of puerarin was observed in STZ-induced DR rats. In this study, puerarin significantly decreased morphological changes of the inner nuclear layer and outer nuclear layer of the retina. Additionally, puerarin also regulates the expression of hypoxia-inducible factor-1α and VEGF induced by STZ.
Lonicera japonica
Lonicera japonica (L. japonica) is a native Chinese TM also known as Jin Yin Hua. L. japonica has been documented to possess various biological activities including antiviral, anti-inflammatory and antibacterial, antipyretic and blood fat-reducing activities [57] . Chlorogenic acid (CGA) is one of the major constituents of L. japonica [58] . CGA, formed by esterification of caffeic and quinic acids, belongs to the class of polyphenols commonly found in beans, potatoes, apples, and coffee. Various studies have documented the anticarcinogenic, anti-inflammatory, antioxidant and antibacterial activities of CGA [59] [60] [61] . A number of mechanisms have been proposed for the beneficial effects of CGA on glucose metabolism. CGA might impede glucose absorption in the small intestine [61] , and decrease hepatic glucose output [62, 63] . Moreover, due to its metal chelator [64] and antioxidant effects, CGA might prevent the development of glucose intolerance and insulin resistance. Nevertheless, the role of CGA in DR has not yet been determined. A recent study by Shin and associates evaluated the effect of CGA in the rat model of DR [56] . In this study, CGA exerted a dose-dependent beneficial effect in STZ-induced DR in diabetic rats. CGA efficiently obstructs the increase in VEGF and decrease in tight junctional proteins, including occludin, without any effects on the levels of claudin-5. CGA also reduced the increased VEGF levels in the diabetic retina. Based on these results, CGA can be recommended as a supplementary treatment for DR [33].
Andrographis paniculata
Andrographolide is a naturally occurring diterpenoid lactone and the chief compound isolated from the traditional medicinal herb Andrographis paniculata (A. paniculata) [65] . A. paniculata is famous for its detoxifying effect and reducing temperature. It has also been in common use for centuries in Asian countries for the treatment of upper respiratory tract infections and sore throat [65] . Andro is reported to have potent anti-inflammatory effects in various experimental models of pulmonary fibrosis, inflammatory bowel disease, asthma and cigarette smoke-induced lung injury [55, [66] [67] [68] . In a very recent report Yu and colleagues explored the effect of andrographolide on STZ-induced DR in C57BL/6 mice. Data obtained from retinal immunofluorescence staining with cluster of differentiation-31 demonstrated that andrographolide decreased the excessive growth of retinal vessels in STZ-induced proliferative DR mice. Studies exploring permeation via Evans blue found that andrographolide mitigated BRB breakdown in STZ-induced NPDR mice. Andrographolide diminished the elevated levels of VEGF in serum and the vitreous cavity, and also subdued the augmented mRNA expression of retinal VEGF and its receptors in STZ-induced proliferative DR mice. In contrast, in STZ-induced NPDR mice, andrographolide suppressed the nuclear translocation of early growth response-1 and, p65 NF-κB and further decreased the phosphorylation of p65-NF-κB, inhibitor of kappa B, and inhibitor of kappa B kinase. STZ-induced serum and retinal mRNA expression of tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), interleukin-1β (IL-1β), serpine1, and tissue factor were also found to be diminished by andrographolide. In conclusion, these results suggest a noticeable effect of andrographolide on angiogenesis and retinal inflammation during the early phases of DR, in which signaling related to VEGF, NF-κB, and early growth response-1 plays a vital role. This study provides evidence for the clinical utility of andrographolide for the treatment of DR [35].
Astragalus membranaceus
Astragaloside IV (AS-IV) is the pure primary and major saponin isolated from the root of Astragalus membranaceus. AS-IV is an effective compound with distinct pharmacological effects, including anti-inflammatory [69] and regulation of immunological function [70] , antioxidation [71] , and protection from live injury [72] . Interestingly, AS-IV is reported to inhibit glycogen phosphorylase, glucose-6-phosphatase and formation of AGE and thereby exerts a hypoglycemic effect in diabetic mice [73, 74] . Moreover, AS-IV has also displayed protective effects on peripheral diabetic neuropathy in rats [75] . Nonetheless, the protective effect of AS-IV on DR has not been examined to date. Based on the observations described above, Ding et al. explored the inhibitory effects and signaling mechanism of AS-IV on DR in type 2 diabetic db/db mice. Treatment with of AS-IV considerably enhanced the pattern electroretinogram amplitude and decreased the apoptosis of retinal ganglionic cells in db/db mice. Additionally, administration of AS-IV caused downregulation of AR activity, and phosphorylation of extracellular signal-regulated kinase1/2 and NF-κB in db/db mice [36]. In conclusion, these results established the neuroprotective and anti-inflammatory ability of AS-IV in db/db mice with DR. Although further clinical trials are required to demonstrate the clinical efficacy of AS-IV, it can be hypothesized that AS-IV is an inhibitor of AR and might be useful for the treatment of DR.
Salvia miltiorrhiza
Salvia miltiorrhiza (Danshen in Chinese) is a frequently used traditional Chinese herbal medicine. Compound danshen dripping pill (CDDP) is a danshen-containing Chinese herbal medicine product that has been used to treat cardiovascular diseases [76] . This pill is a mixture of three traditional Chinese medicines namely, danshen, notoginseng and borneol, that have been used for centuries for the treatment of various ailments. CDDP has been reported to aid blood circulation and assuage pain [76] . With respect to Chinese TM, the pathogenesis of DR is due mainly to blood stasis, which damages collateral vessels in the eye [76] . In line with this, various experimental studies and clinical DR trials in DR patients have established that CDDP can ameliorate the symptoms of DR [77] . Lian and associated recently reported a large-scale clinical trial involving 223 NPDR patients that planned to evaluate the efficiency and safety of CDDP in patients with NPDR [78] . The duration of the trial was 24 weeks and patients were divided into four groups namely, placebo, low-dose (270 mg), mid-dose (540 mg) and high-dose (810 mg herbal medicine) groups. Data obtained from fluorescence fundus angiography at 24 weeks indicated that the percentage of "excellent" and "effective" subjects in the mid-and high-dose CDDP groups was significantly higher (77% and 74%) than that in the placebo group (28%). Similarly, fundoscopic examination revealed that the percentage of "excellent" and "effective" subjects in the mid-and high-dose CDDP groups was significantly higher (42% and 59%) than that in the placebo group (11%). Episodes of adverse events with clinical significance were not seen [78] . This clinical trial thus confirms the efficacy and safety of a danshen-containing Chinese herbal medicine in patients with DR.
Dendrobium chrysotoxum
Dendrobium chrysotoxum (DC) is a well-recognized herbal Chinese TM found in the mountain ranges of western and southern China [79] . DC is reported to possess various bioactivities, including antioxidant, immunomodulatory, anticancer, and anti-senescence activities [80] . Moreover, polysaccharides isolated from DC have antihyperglycemic and antioxidant effects [81] . Yu and coworkers reported positive effects of ethanolic extract of DC on retinal angiogenesis during the early phases of DR via blocking the expression of VEGF/VEGF receptor 2 and other pro-angiogenic factors, such as basic fibroblast growth factor, matrix metaloproteinase-2/9, platelet-derived growth factor-A/B, and insulin growth factor-1. Moreover, DC mitigates NF-κB-induced retinal inflammation in DR [38] . In a similar study by Yu and coworkers, DC attenuated STZ-mediated destruction of the BRB. STZ-induced mRNA expression of tight junction proteins including occludin and claudin-1, intercellular adhesion molecule-1 (ICAM-1), TNF-α, IL-6, and IL-1β was also decreased by DC in diabetic rats. Further retinal immunofluorescence staining and western blot analysis revealed that DC normalizes the expression of occludin and claudin-1 proteins in diabetic rats. In addition, DC diminishes the phosphorylation level of p65-NFκB, inhibitor of kappa B, and inhibitor of kappa B kinase in diabetic rats. DC also abated the STZ-induced serum levels of TNF-α, interferon-γ, IL-3, IL-6, IL-8, IL-10, IL-12 and IL-1β in diabetic rats [82] . The ability of DC to improve eyesight suggests its potential for use in patients with DR.
Vaccinium myrtillus
Vaccinium myrtillus (V. myrtillus (bilberries), Vaccinium cyanococcus (blueberries) and blackcurrants are berry fruits that contain plentiful anthocyanins, making them major dietary sources of anthocyanin [83, 84] . Substantial consideration has focused on the health benefits of bilberry, which include anti-neurodegenerative, anti-inflammatory, antioxidant, and anticancer activities [85] . Extract of vaccinium myrtillus (VME) comprises a mixture of 15 anthocyanins [86] . Animal studies have suggested that anthocyanins from V. myrtillus improve blood flow, vascular tone, and vasoprotection [87, 88] . It has been reported that VME blocks VEGF-mediated angiogenesis of retinal vasculature and proliferation of human umbilical vein endothelial cells in oxygen-induced retinopathic (OIR) mice by suppressing the phosphorylation of protein kinase B and extracellular signal regulated kinase 1/2 (ERK 1/2) [89] . Kim et al. determined whether vaccinium. myrtillus (100 mg/kg) could prevent STZ-induced dysfunction of the retinal vasculature in rats. In situ hybridization of retinal cells revealed that the increased retinal mRNA VEGF levels were considerably lowered by VME. Fluorescein-dextran angiographic studies revealed that the leakage of fluorescein was noticeably decreased in diabetic rats treated with VME. VME treatment also reinitiated the expression of endothelial cell-to-cell junction proteins, particularly zonula occludens-1, occludin and claudin-5, in diabetic rats [90] . Hence, these results suggest that VME blocks diabetes-mediated BRB breakage in diabetic rats by preventing VEGF expression. Therefore, VME may contribute to prevention of diabetes-induced BRB breakdown.
Zingiber zerumbet
Zingiber zerumbet (Z. zerumbet), also known as wild ginger, is a profitable spice known as Hong qiujiang in Taiwan. Z. zerumbet is usually grown in village gardens in the tropics for its medicinal properties [91] . Regardless of its regular uses as an appetizer and food flavoring agent, rhizomes of Z. zerumbet (ZZR) have been used traditionally for medicinal purposes including colds, ulcers, sores, headaches, swelling, loss of appetite, nausea and even menstrual discomfort in Chinese, Indian, and Arabic cultures since ancient times [92] . Quercetin, kaempferol, curcumin, 2,6,9-humulatrien-8-one, humulene and camphene are constituents of ZZR [93] . Since ZZR promotes glucose homeostasis, it can be used as a supplemental therapy for diabetes and its associated complications, including DR. Conversely, attenuation of DR by ZZR has not been examined. Hong and associates recently reported that treatment of STZ-diabetic rats with ethanol extract of ZZR reinstated the retinal vascular permeability to a significant extent as compared to the normal diabetic group. Treatment with an ethanol extract of ZZR increased the thickness of the ganglion cell layer, inner nuclear layer, outer nuclear layer and nerve fiber layer in STZ-diabetic rats. The ethanol extract of ZZR reversed the decreased retinal expression of VEGF and stimulated the expression of renal pigment epithelium-derived factor in diabetic rats. Treatment with the ethanol extract of ZZR also reduced the mRNA expression of intercellular adhesion molecule-1, vascular cell adhesion molecule-1 TNF-α, IL-1, IL-6 and monocyte chemotactic proteins-1. Furthermore, ethanol extract of ZZR could inhibit phosphorylation of extracellular signal-regulated kinase-1/2 and nuclear localization of p65-NF-κB [94] . Therefore, re-establishing the balance between inhibitors and stimulators of angiogenesis might be associated with the beneficial effect of the ethanol extract of ZZR on DR.
Trigonella foenum-graecum
Trigonella foenum-graceum, also known as fenugreek, is a well-recognized herbal plant that is used as a vegetable and spice on the Indian subcontinent. Trigonelline, 4-hydroxyisoleucine and saponins are the chief constituents of fenugreek. Traditionally, fenugreek exhibits antidiabetic [95, 96] , anti-hyperlipidemic [97] , anti-inflammatory [98] , antioxidant [99] , and neuroprotective [100] properties. Recently, Gupta and associates examined the effects of fenugreek in STZ-induced diabetic complications in the rat retina. Injection of STZ to Wistar rats considerably elevated the expressions of retinal inflammatory (IL-1β and TNF-α) and angiogenic (VEGF and PKC-β) molecular biomarkers in diabetic retinae in comparison to normal retinae. Treatment with fenugreek (100 and 200 mg/kg body weight) for 24 weeks inhibited the expression of inflammatory and angiogenic molecular biomarkers. Moreover, fenugreek reinstated normal superoxide dismutase and catalase levels in the diabetic retinae. Fluorescein angiograms and photographs of the fundus of diabetic retinae indicated retinal vascular leakage. However, this effect was reversed in fenugreek-treated retinae. Fenugreek also decreased the thickened basement membrane in STZ-induced diabetic retinae. Hence, fenugreek may prevent retina degeneration in diabetic patients [34].
Guibi-Tang
Guibi-tang (GBT) is an herbal TM in used in Asian countries. Guibi-tang is a combination of 12 herbs that are used to treat poor memory, anorexia, amnesia, fatigue, palpitation, neurosis anemia, and insomnia [101] . GBT has also been patented for use in wet macular degeneration [102] . Fresh data have suggested that GBT has various bioactivities, namely antioxidant [103] , anti-stress [104] , protection of the gastric mucosa [105] and immune regulation [106] . One of the major ingredient in GBT is decursin, which inhibited retinal neovascularization in a mouse model of retinopathy in prematurity [37] . Irrespective of the effects of GBT, information on its underlying mechanisms during retinal neovascularization is limited [107] . Lee and associates examined the effect of GBT on pathogenic retinal neovascularization in a mouse model of oxygen-induced retinopathy. Intraperitoneal administration of GBT (50 or 100 mg/kg/day) in OIR C57BL/6 mice significantly reduced pathogenic angiogenesis of the retina, and the protein level of plasminogen activator inhibitor-I. Real-time PCR demonstrated that GBT lowered mRNA levels of VEGF, fibroblast growth factor-2, and plasminogen activator inhibitor-1 in OIR mice [107] . Therefore, GBT exerts anti-angiogenic effects through partial inhibition of fibroblast growth factor-2, plasminogen activator inhibitor-1 and VEGF. Further research is necessary to assess the clinical potential of GBT.
Samul-Tang
Samul-tang (SMT) is a well-known decoction in Chinese TM [108, 109] . This decoction comprises four medicinal herbs namely, Angelica gigas, Cnidium officinale, Paeonia lactiflora and Rehmannia glutinosa [110] . SMT has long been extensively utilized in Eastern Asia to alleviate pain, blood deficiencies, gynecological ailments and chronic inflammation, and increase blood circulation [111, 112] . In contrast, SMT exerts biological effects including, anti-pruritic, anti-inflammatory, and anticancer [112] , anti-angiogenic [113] , and anti-diabetic [114] properties. However, the effect of SMT on retinal neovascularization or pathogenic retinal angiogenesis has not been reported [110] . Lee and colleagues reported that SMT reduced the area of the central retina and reduced retinal neovascularization in OIR mice. SMT (10 or 50 mg/kg) once per day for five days decreased the protein level of stromal cell-derived factor-1. Administration of SMT significantly lowered the increased mRNA levels of stromal cell-derived factor-1, C-X-C chemokine receptor type 4, hypoxia-inducible factor-1α and VEGF in the retinas of OIR mice [110] . These data suggest that SMT modulates hypoxia-inducible factor-1α and acts via an anti-stromal cell-derived factor-1/C-X-C chemokine receptor type 4 and anti-VEGF mechanism to prevent pathogenic angiogenesis of retinal cells. These findings suggest SMT to be a valuable herbal TM for treating ischemic retinopathy.
Fufang Xueshuantong
Based on the meridian theory of TCM, Fufang Xueshuantong (FXT) capsule was originally formulated twenty years ago and also has been accepted in 2003 by the State Food and Drug Administration of China for treatment of stable angina pectoris and retinal vein occlusion [115, 116] . Fufang Xueshuantong (FXT), also known as compound Xueshuantong, is a Chinese herbal formula that consists of four traditional plants, namely Astragalus membranaceus, Scrophularia ningpoensis, P. notoginseng and Salvia miltiorrhiza [117] . FXT is used clinically to treat DR [118] . Moreover, FXT attenuates the progress of microvessel lesions in the retina by diminishing pericyte loss and decreasing acellular capillaries. This effect was in agreement with the upregulation of occludin and downregulation of aldose reductase hyperactivity and expression of VEGF and ICAM-1. Thus, FXT exhibited protective effects against STZ-induced retinal lesions in rats [119] . Constituent combination of FXT (cFXT) is composed of saponins of P. notoginseng, harpagoside, cryptotanshinone, tanshinone-I, and gastragaloside-A. Although cFXT had no effects on the STZ-induced augmented blood glucose levels and body weight in rats, it inhibited the augmented erythrocyte aggregation, plasma viscosity, and pericyte and acellular vessel loss. This was accompanied by reversal of the increased expression of VEGF, ICAM-1, and endothelin-1, excessive activation of aldose reductase, and hypoexpression of pigment epithelium-derived factor and occludin in the retinas of STZ-treated rats [120] . Hence, the main constituents of Fufang Xueshuantong Capsule, namely saponins of P. notoginseng, harpagoside, cryptotanshinone, tanshinone-I, and astragaloside-A are responsible for its protective effects in STZ-induced retinal lesions in rats. These constituents will facilitate development of new drug for DR, and can be used for quality control of Fufang Xueshuantong Capsules [120] .
Ligusticum chuanxiong Hort
Ligusticum chuanxiong Hort (chuanxiong) is a well-known Chinese TM that has been extensively used for neurovascular and cardiovascular diseases in China. Tetramethylpyrazine (TMP) is one of the major active alkaloid constituents of Ligusticum chuanxiong Hort [121] used in Asian countries for hundreds of years to treat heart, kidney, and brain diseases [122] . Previous studies have demonstrated that TMP possesses different pharmacological activities, including free radical scavenging [123] , anti-inflammation [124] , and calcium antagonism [125] . Systematic administration of TMP has been documented to protect against spinal cord injury and ischemia-induced neuronal loss by inhibiting inflammation [124] . TMP suppressed inflammatory events possibly by decreasing proinflammatory mediator production and inflammatory cell activation [126] . Due to its antioxidant and anti-inflammatory effects, TMP has been indicated to treat a variety of retinal diseases, particularly DR [127] . In vitro and in vivo investigations indicated that TMP exhibits its effects primarily via protecting neuronal cells from oxidative stress-mediated retinal damage [128, 129] . In a recent study, Zhu and colleagues examined the beneficial effect and mechanistic signaling of TMP against IL-1β-induced retinal endothelial cell damage in TR-iBRB2 cells. TR-iBRB2 rat retinal endothelial cells, isolated from the inner BRB, demonstrate the properties characteristic of such a cell barrier [130] . IL-1β mediates dysfunction of TR-iBRB2 cells by stimulating nitrative/oxidative stress; however, this effect was ameliorated by TMP pretreatment of TR-iBRB2 cells. Treatment with TMP protected TR-iBRB2 cells by inhibiting leukostasis, expression of inducible nitric oxide synthase, generation of ROS, mitochondrial dysfunction and mitogen activated protein kinase activation. These results improve our understanding of the protective effect of TMP in DR and will shape the therapeutic development of TMP for its treatment [131] .
Sipjeondaebo-Tang
Sipjeondaebo-tang (SDT) is the most extensively used traditional herbal formula to treat anemia, atopic dermatitis, fatigue, loss of appetite, and rheumatoid arthritis in Korea, Japan and China [132] . SDT comprises 12 crude medicinal herbs [133] . SDT possesses several pharmacological activities, including antimicrobial, antioxidant, immunostimulatory and antitumor effects [134] . Yet, the mechanisms by which SDT affects angiogenesis are unclear, and to our knowledge there has been no prior report on retinal pathogenic neovascularization of SDT. Lee and associates explored the effect of SDT on OIR mice, and found that SDT significantly blocked the pathogenic neovascularization and encouraged revascularization of the central retina as compared to the ischemic retinas in the OIR group. SDT dose-dependently and significantly reduced the expression of pro-angiogenic factors (heparin-binding epidermal growth factor-like growth factor, and leptin) in comparison to vehicle-treated OIR mice. Conversely, SDT drastically inhibited anti-angiogenic factors such as thrombospondin-2 and pigment epithelium-derived factor. This implies that SDT elicits its anti-angiogenic effects by suppressing the expression of heparin-binding epidermal growth factor-like growth factor, leptin, and platelet-derived growth factor-AB/BB. Moreover, SDT dose-dependently blocked the interaction between platelet-derived growth factor-BB/platelet-derived growth factor-Rβ [135] . Hence, SDT might be clinically valuable as an herbal medication for ischemic retinopathy. Table 1 indicates pre-clinical efficacy profile of traditional plants in DR.
Conclusions
Diabetic retinopathy is a major issue and a primary cause of preventable blindness worldwide. Investigations over the past few years have suggested that hyperglycemia drives the onset and development of DR. The mechanisms by which hyperglycemia damages retinal capillaries includes; the amplified polyol pathway, stimulation of protein kinase C, heightened non-enzymatic glycation and production of ROS. An increased understanding of the specific pathological changes in DR will facilitate development of novel therapeutic interventions. TM has established efficacy in, for example, treatment of non-communicable diseases, mental health, disease prevention, and enhancement of the quality of life of persons living with chronic diseases and in the ageing population. Based on the clinical and preclinical data, traditionally used medicinal plants might contain novel oral hypoglycemic compounds, which can counteract the soaring cost and poor availability of existing medicines. However, thorough studies on the safety of plant extracts and their efficacy and mechanisms of action are needed. Pharmaceutical scientists often face problems in developing TM into therapeutics for DR; e.g., toxicity, herb-drug interactions, absence of placebo-controlled randomized clinical trials, product patentability and its standardization. These issues are important concerns for both public and health authorities. National policies regarding TMs are vital for addressing these concerns. The World Health Organization is receiving an increasing number of requests to supply informational and technical guidance to member states regarding national policies on TM. Via regional meetings and publication of documents, World Health Organization is assisting the exchange of information between member states and to facilitate development of national policies concerning TM. Conclusively, considering the long history of herbal TM for the management of DR, our review suggests that natural and traditional herbal medicines have potential as an alternative or combination therapy for DR. Administration of DHI blocks retinal and retinal sub-layer shrinkage, together with a reduction in AGE. DHI stimulates the expression of fibroblast growth factor 21, peroxisome proliferator-activated γ, and activates the expression of genes responsible for energy expenditure. Administration of TNTL to C57BL/KsJ-db/db mice markedly alleviates the layer thickness of the optic nerve and decreases the density of vascular calibers in fundus oculi. [151] He-Ying-Qing-Re Formula (HF) Rehmannia glutinosa, Lycium barbarum Polygonatum sibiricum, Lonicera japonica, Angelica sinensis, Scrophularia ningpoensis and Glycyrrhiza uralensis.
Experimental studies found HR to inhibit AGE, degeneration of retinal vasculature and BRB permeability damage. [152] Buchang NaoXinTong (NXT)
Semen Persicae, Carthamus tinctorius L., Frankincense, myrrh, Spatholobus suberectus, Achyranthes Root, Cassia Twig, Mulberry Twig, earthworms, scorpions, Astragalus membranaceus, Salvia miltiorrhiza, Ligusticum, Radix Paeoniae Rubra, Szechwan Lovage Rhizome, and Hirudo NXT inhibits the diabetes-induced shrinkage of multiple layers, such as the outer nuclear/plexiform layers and photoreceptor layer in the retina of db/db mice. [153] 20. Li 
